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Abstract 
 
Several studies have shown rainfall with diurnal cycle over the Indonesian capital area 
called JABODETABEK (Jakarta, Bogor, Depok, Tangerang and Bekasi). Development of 
cloud system is associated with a convergence of the local (sea-land breeze) circulation. 
However, there have been limited hydrological studies of the most important river Ciliwung, 
even for the severe flood events, because horizontally distributed reliable rainfall data have 
not been obtained continuously. In this thesis, rainfall data from a meteorological radar has 
been applied to the Ciliwung River basin for the first time, and observational evidence of a 
diurnal cycle in the water level discovered in the downstream of Ciliwung River is revealed. 
In Chapter 1, as the background of the present study, the general features of rainfall in 
the Indonesian maritime continent (IMC) are described. Brief historical descriptions on flood 
events in JABODETABEK area are also described, as a strong motivation of the present 
author. Then the structure of the present thesis is introduced. The climatological maximum of 
convective cloud activity is located over IMC, and it is affected by interannual variations 
(such as ENSO = El Niño-southern oscillation; and IOD = Indian Ocean dipole mode), 
annual cycle (Northern Hemisphere winter monsoons, or cold surges), and intraseasonal 
variations (so-called MJO = Madden-Julian oscillations). However, several recent studies 
have shown that the major component of rainfall variation has a diurnal cycle, which is 
induced by the sea–land breeze circulations along very long coastlines, because IMC consists 
of many islands. 
In Chapter 2, the observations and data used in the present study are described. The 
most important advantage is the installation of a C-band meteorological doppler radar (CDR) 
at Serpong (southwestern suburb of Jakarta) in 2007 under a project called 
“Hydrometeorological ARray for Intraseasonal variation-Monsoon AUtomonitoring” 
(HARIMAU). The present author has been a core member of the Indonesian team of 
HARIMAU project, of which earlier results have been published in a coauthored paper (Mori 
et al., 2011). Now CDR provides the most detailed and reliable rainfall data distributed over 
the JABODETABEK area including the Ciliwung River basin. Five automatic weather 
stations (AWSs) with rain gauges have been also installed in this area. Concerning Ciliwung 
River water, data of an automatic water level recorder (AWLR) at a downstream station 
(Manggarai) have been collected. Therefore, in the present study, both rainfall and river water 
level in Jakarta have been observed very accurately and continuously for the first time. 
Chapter 3 demonstrates discovery of the evidence of a diurnal cycle in the Ciliwung 
River water level, based on a one-month continuous observation campaign carried out during 
15 January – 15 February 2010, which was the final intense observation period (IOP) of the 
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HARIMAU project, called HARIMAU2010 IOP. All the contents of this chapter have been 
accepted for publication (Sulistyowati et al., 2014). Throughout the one month, a persistent 
existence of the diurnal cycle has been observed in the downstream of Ciliwung River 
(Manggarai). The amplitude is about 0.05 m (~30 m3/s discharge). The minimum value 
appears in the morning (07–08 LT) and a maximum in the late afternoon (16–17 LT). This 
was consistent with the diurnal cycle in rainfall observed by the CDR and five rain gauge 
stations. The day-to-day variation in the amplitude of the river’s diurnal cycle was smaller 
than the diurnal cycle of the rainfall. Temporal variation of the water level at Manggarai, has 
been compared with rainfall intensity and rain cloud migration observed by CDR displaying 
clear diurnal cycles as shown by foregoing studies. The power spectral density of the river 
water level is used to confirm the diurnal cycles. Detailed features of precipitating clouds or 
rainfall areas observed by CDR for the selected rainfall days are described, and two rainfall 
migration patterns have been observed: the rainfall migrating in the zonal (from west to east) 
and meridional (from south to north, or north to south) directions over JABODETABEK area. 
The meridional migration is parallel with the flow of Ciliwung River basin, rainfall migrating 
from south (mountain) to north (coastline) mainly after sunset or in the opposite direction 
mainly in the morning may raise the river water level of Ciliwung. 
In Chapter 4, existence of the diurnal cycle of Ciliwung River water level has been 
confirmed by data at other station and/or in other seasons and years. On one hand, the diurnal 
cycle in the river water level at an upstream station (Katulampa) was almost disturbed by 
artificial operations of a gate. On the other hand, at the downstream station (Manggarai), 
existence of the diurnal cycle was confirmed in observation data during any periods in 
February 2003 – May 2010. Some differences (for example, of maximum time in a few 
hours) have been found, but details cannot be studied because there were no intense 
observations in JABODETABEK area. The diurnal cycle appears also during periods 
including serious flood events such as January – February 2007, which has been reported by a 
paper coauthored by the present author (Wu et al., 2007). In case of such a serious flood 
event, the water level rise was more than one order larger (around 2 m) than the persistent 
diurnal cycle. Interannual variations of rainfall in JABODETABEK and their correlations (in 
particular in dry season) with ENSO and IOD have been published in another coauthored 
paper (Hamada et al., 2012). 
 In Chapter 5, comprehensive discussions about the origin of diurnal cycle in the 
Ciliwung River water level are described. The major (observational) part of this chapter has 
been included in the paper which has been accepted for publication (Sulistyowati et al., 
2014). First, the diurnal cycle was distinguishable from the effects of oceanic and 
atmospheric tides and has a locally time-locked one-day periodicity and an amplitude of 0.05 
m. There are no routine gate operations at fixed local time every day, except emergency 
operations in case of floods. The cause of the diurnal cycle observed in the downstream of 
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Ciliwung River can be almost uniquely explained by the diurnal cycle of rainfall. More 
detailed study on the cause requests hydrological approaches, and the distributed rainfall data 
by CDR have enabled us to apply a distributed hydrological model. Numerical simulations of 
the diurnal cycle of the Ciliwung River water level (hydrograph) have been tested, using the 
Cell Distributed Rainfall Runoff Model Version 3 (CDRMV3). Although more detailed 
examinations on parameter specifications and so on are necessary, the application of 
numerical model simulation and experiments has appeared promising both for basic science 
study on hydrometeorology and for practical usage for flood disaster prevention.  
In Chapter 6, conclusions of this thesis are presented. In this study, a meteorological 
radar (CDR) has been applied to the Ciliwung River basin in JABODETABEK area for the 
first time, and leads to detailed features of diurnal-cycle migrations of rainfall areas. Striking 
evidence of a diurnal cycle in the water level has been discovered in the downstream of 
Ciliwung River (Manggarai), at first based on the data of HARIMAU2010 IOP and also of 
other periods. The relationship between the rainfall and river diurnal cycles is still somewhat 
controversial, mainly because the hydrological data are quite limited (at only one 
observatory) in comparison with meteorological data. In order to overcome this difficulty, the 
distributed hydrological model calculations are quite important and promising.  
At the end of the thesis, the radar (CDR) rainfall estimation and the distributed 
hydrological model (CDRMV3) including land-use map (for Ciliwung River basin) are 
attached as Appendices A–B. 
 
 
 
 
 
 
 
 
 
 
 
 
 
vi 
 
Contents 
 
Acknowledgment  ................................................................................................     i  
Abstract  ...............................................................................................................     iii 
Contents  ..............................................................................................................  vi  
List of Figures  .....................................................................................................     viii 
List of Tables  ..........................................................................................................  xiv  
 
1. General Introduction  .....................................................................................  1 
1.1. Rainfall of Indonesian maritime continent  ..........................................  1   
1.2. Flood events in Great Jakarta area  .......................................................  2   
1.3. Structure of thesis  ................................................................................  3   
 
2. Observations  ...................................................................................................  9  
2.1. Radar and surface meteorological observations  ..................................  9   
2.2. Data of the Ciliwung River  ..................................................................  10   
 
3. Results for January – February 2010  ..........................................................  15 
3.1. General features of the 1-month observation period  ............................  15 
3.2. Detailed features of the selected rainfall days  .....................................  16 
 
4. Confirmation by other data  ..........................................................................  27 
4.1. Data disturbed by artificial operations at upstream station  ..................  27 
4.2. Diurnal cycle confirmed in other observational periods  ......................  27 
4.3. Serious flood cases in other years  ........................................................  28  
 
5. Discussions  ......................................................................................................  35 
5.1. Origin of diurnal cycle  .........................................................................  35 
vii 
 
5.2. Hydrological approaches for Ciliwung River  ......................................  36 
5.3. Consideration for flooding cases  .........................................................  37 
 
6. Conclusion  ......................................................................................................  45 
 
A Estimation of rainfall using C-Band Doppler Radar (CDR) Observation   47 
B The Distributed Hydrological Model  ............................................................  53 
References  ...........................................................................................................  57 
List of Achievement ............................................................................................  61   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
viii 
 
List of Figures 
 
1.1. (a) Global annual rainfall distribution (Xie and Arkin, 1997) and (b) 
Indonesian morning – afternoon rainfall difference observed by a satellite-
borne radar (TRMM-PR) (Mori et al., 2004).  ..................................................... 5 
1.2. Interannual variations of Jakarta rainfall and ENSO/IOD (upper panel) and 
correlation between Jakarta rainfall and SST over Indian Ocean, Indonesian 
Seas and Pacific Ocean (lower panel). Published in a coauthored paper 
(Hamada et al., 2012).  ......................................................................................... 6 
1.3. Matsuno-Gill pattern (Matsuno, 1966; Gill, 1980) associated with an 
intraseasonal variation (ISV) or Madden-Julian oscillation (MJO) observed 
during HARIMAU2011 IOP.  .............................................................................. 7 
1.4. Maps of the western part of the Indonesian maritime continent (upper-left 
panel), Jakarta and greater Jakarta (or JABODETABEK) region (lower-left 
panel). The C-band Doppler Radar (CDR) (a blue star), automatic observation 
stations of water level (red stars) and surface weather (triangles) are indicated. 
The topography map is shown for the upper Ciliwung River basin (right 
panel) to the downstream station (Manggarai).  .................................................. 8 
 
 
 
 
 
 
 
 
 
ix 
 
2.1. Image of the C-band Doppler Radar (left) in PPI (Plan Position Indicator) 
mode with a range of 175 km from Puspiptek, Serpong, on January 30, 2010 
(right).  ................................................................................................................. 12 
2.2. Automatic water level recorder (AWLR) using telemetry system and 
communication system for alert warning system, installed at Manggarai and 
Katulampa Station.  .............................................................................................. 13 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
x 
 
3.1. Total rainfall distribution in the Ciliwung River basin during HARIMAU2010 
IOP. Rainfall amount in the upstream area higher than in the downstream area.   19 
3.2. Temporal variations in (a) the Ciliwung River water level anomaly at 
Manggarai and (b) the rainfall intensity given by the meridional average of (c) 
a time–latitude cross section of zonal maximum reflectivity (106.75°–
107.10°E) of C-band Doppler radar data at 2-km altitude during the 
HARIMAU2010 IOP observational period (15 January–15 February 2010).  .... 20 
3.3. Diurnal variations in (a) the water level anomaly from each daily average 
(thinner lines) at Manggarai Station for a 1-month period (15 January–15 
February 2010) and their averages (thicker line), and average rainfall from (b) 
the automatic weather station data at Citeko, Bogor, and Serpong, and (c) 
radar rainfall data over the Ciliwung River basin.  .............................................. 21 
3.4. Spectral analysis of Ciliwung River water levels observed at (a) Manggarai 
station and (b) Katulampa station, for a 1-month period (15 January–15 
February 2010).  ................................................................................................... 22 
3.5. Rainfall intensity variations at the five AWS stations (from north to south, 
that is from sea to mountain) in the JABODETABEK region during the 
HARIMAU2010 IOP (15 January–15 February 2010). The horizontal broken 
line in each panel shows the criterion (20 mm/h) of extreme rainfall defined 
by BMKG. The vertical broken lines indicate 12 events of extreme rainfall 
observed at any station.  ....................................................................................... 23 
3.6. Day-to-day variations of rainfall over Ciliwung River basin derived from 
radar rainfall data during 18 January – 15 February 2010.  ................................. 24 
3.7. (a) Temporal variations in the Ciliwung River water level anomaly at 
Manggarai, and (b) a time-latitude cross section of weather radar data during 
the period of 09–14 February 2010, magnified from Figs. 3.1(a) and (c), 
respectively.  ........................................................................................................ 25 
 
 
 
 
xi 
 
4.1. Time series of water level recorder at Katulampa (upstream area) during 
observation period of HARIMAU2010 IOP (15 January – 15 February 2010).   29 
4.2. Water level data averaged during February 2003 – May 2010 at Manggarai 
Station.  ................................................................................................................ 30 
4.3. Diurnal variations in the water level anomaly from each daily average 
(thinner lines) at Manggarai Station for a 1-month period (01–31 December 
2006) and their averages (thicker line).  .............................................................. 31 
4.4. Diurnal variations in the water level anomaly at Manggarai Station during 
January – February 2007.  .................................................................................... 32 
4.5. The river water level at Manggarai station for serious flood events observed 
in other years (Kusakabe, 2009, for 1996-2007 events; Hapsari, 2014, for 
2013 event; both private communications).  ........................................................ 33 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xii 
 
5.1. (a) Water cycle between the Indonesian maritime continent and 
surrounding/inland seas with (b) a river–sea breeze balance. ............................. 39 
5.2. Drainage path using 1-km resolution derived from SRTM (Shuttle Radar 
Topography Mission) data over Ciliwung River basin.  ...................................... 40 
5.3. (a) Observed and simulated hydrographs on 18 January - 15 February 2010 
and (b) different between discharge simulation and observed data.  ................... 41 
5.4. Observed and simulated hydrographs on the latter period of HARIMAU2010 
IOP (13 - 15 February 2010).  .............................................................................. 42 
5.5. (a) Observed, simulated and five experimental (with artificially magnified 
rainfall) hydrographs on 14 February, suggesting (b) a critical amplitude of the 
diurnal cycle of rainfall beyond which overflow or flooding may be induced 
in the Ciliwung River basin.  ............................................................................... 43 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xiii 
 
A.1. Time series of radar rainfall data and rain gauges at five locations during 14 
January – 15 February 2010.  ............................................................................. 49 
A.2. The function R was fitted using a nonlinear least square method to get a 
coefficient of ! and # at three locations of raingauge (Citeko, Bogor, Serang). 
Other two locations cannot be drawn because not enough data availability.  .... 50 
B.1. Land-use map of the Ciliwung River basin, it is classified into nine land-use 
classes such as paddy, field, orchard, forest, wilds, urban, water body, 
swamp, and river. Data Source:  Ministry of Forestry, Indonesia (2006).  ........ 55 
  
 
     
  
 
 
 
 
 
 
 
 
 
 
 
 
 
xiv 
 
List of Tables 
 
2.1. Technical Specifications C-Band Doppler Radar (CDR) used in this study.  .... 11 
3.1. Extreme rainfall propagation over Jakarta during observation period. .............. 18 
 
A.1. A coefficient ! and # derived from Z – R relationship. ..................................... 51 
B.1. The parameters of CDRMV3 model simulation.  .............................................. 56 
1 
 
 
 
Chapter 1  
 
General Introduction 
 
 
 
1.1. Rainfall of Indonesian maritime continent 
Climate is an average of weather, or situation of the atmosphere, which is driven 
originally by solar energy and has a variety of interactions with ocean and land, as well as 
biosphere and human activity (see e.g., Hartmann, 1994). The human activity effects on 
climate produce urban and global warming, whereas extreme weather/climate events make 
occurrence of meteorological/climatological disasters in human society (Handoko eds., 1995). 
One of the most important aspects in such climate-human society relation is the water cycle, 
which includes evaporation, cloud condensation, precipitation, and transport by wind in the 
atmosphere. Evaporation and precipitation are continued to circulation between sea water and 
inland water, which is called the hydrologic cycle. 
The water or hydrologic cycle is not evenly distributed in space and time. Clouds and 
precipitation are varied more highly than the other meteorological conditions (temperature, 
pressure, wind, etc.), in particular in tropics where zonal-mean annual rainfall takes 
maximum. The rainwater supplied on land is returned to ocean by rivers to compensate for 
the water vapor supplied from ocean to land via atmosphere, and convective clouds that 
supply rainwater to rivers release latent heat, sustaining the global climate (e.g., Chapter 5, 
Hartmann, 1994). Surface water and groundwater also contribute to land-ocean return of 
water and are needed for life and human activity. Shortage or excess water, such as drought or 
flooding, must be controlled to sustain human life (Sosrodarsono and Takeda eds., 2006). 
The maximum of convective cloud activity and rainfall is located in the Indonesian 
maritime continent (IMC) (e.g., Ramage, 1968) (see Fig. 1.1a). It is known that the rainfall 
over IMC is affected by interannual variations such as El Niño-southern oscillation (ENSO) 
and Indian Ocean dipole mode (IOD) (Fig. 1.2) (e.g., Ropelewski and Halpert, 1987; Saji et 
al., 1999; Hamada et al., 2002). A recent study coauthored by the present author (Hamada et 
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al., 2012) has shown that drought conditions during the dry season (May−October) in around 
Jakarta studied here tend to appear in conjunction with simultaneous development of positive 
IOD and El Niño events, whereas rainfall in the rainy season (November−April) is not 
closely related to ENSO/IOD but influenced by cold surges (Northern Hemisphere winter 
monsoons).  
It is also known that the rainfall over IMC is affected by intraseasonal variations or 
Madden-Jullian Oscillations (MJO) (Madden and Julian, 1994) (Fig. 1.3, which was obtained 
during a campaign observation involving the present author). Another work coauthored by 
the present author (Wu et al., 2007) suggested an effect of intraseasonal variation on flood 
events in Vietnam, Malaysia and Jawa with about one month internals. Wu et al. (2013) have 
suggested more direct contribution on another flood in Jakarta (see next subsection).  
However, several studies (e.g., Mori et al., 2004; Sakurai et al., 2005; Araki et al., 
2006) have shown that the major component of rainfall variation over the large islands of the 
IMC has a diurnal cycle (Fig. 1.1b), which is induced by the development of a cloud system 
accompanied with local (sea–land breeze) circulation along the long coastlines. Therefore, it 
has been suggested that the water input from the atmosphere to rivers by rainfall over the 
IMC has a predominant diurnal cycle. 
 
1.2. Flood events in Great Jakarta area 
Jakarta, the capital city of Indonesia, is now expanded as Great Jakarta or 
JABODETABEK (Jakarta, Bogor, Depok, Tangerang, and Bekasi) area (see Fig. 1.4). Jakarta 
is located in a lowlands area at an average altitude of 2.4 m ASL, which is a basic reason why 
it has been flooded almost annually. This area has lost both lives and properties by flood 
events increasing recently, in 1996, 2002, 2007, 2008, 2010, 2011 and 2013. Among them 
floods in 1996, 2002, 2007 and 2013 occurred in very broad regions in the central city and 
made many damages. In addition to social factors, natural cause should still be studied 
because of many unknown aspects of extreme rainfall in the maritime continent, in order for 
optimal assessment from the government or society. 
According to the Government Decision No. 1227 of 1989, land area of DKI (capital 
city) Jakarta Province is 661.52 km2, including 110 islands (called Pulau Seribu, meaning 
thousand islands) distributed in sea area of 6997.50 km2. This Province is divided into 5 
municipalities (Central Jakarta, 47.90 km2;  North Jakarta, 142.20 km2; West Jakarta, 126.15 
km2; South Jakarta, 145.73 km2; East Jakarta, 187.73 km2), and one administrative district 
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(Thousand Islands, 11.81 km2) [Regulation No. 1 Year 2009 regarding Regional Medium 
Term Development Plan for Years 2007-2012].  
The world’s fourth largest population (more than 240 million people) is concentrated 
along the rivers of the IMC. The Ciliwung River originates in the southern highland and runs 
through greater Jakarta with a population of more than 22 million, before flowing finally into 
the Jawa Sea, which is an inland sea in the IMC. The length and catchment area of the 
Ciliwung River are 97 km and 476 km2, respectively. It has narrow watersheds and steep 
slopes in its upstream to middle reaches, where runoff is very low because of the small 
recharge area. The human activity does not affect river water because the population is 
densely concentrated near the coast to acquire water resources. Extreme rainfall within even a 
short period in the upstream area usually leads to flooding downstream because rainwater in a 
narrow watershed flows into the river all at once (Tachikawa et al., 2004).  
Severe flood events occurred immediately after extreme rainfall events that were 
enhanced by a strong persistent trans-equatorial monsoon flow from the Northern 
Hemisphere in 2007 (Wu et al., 2007, coauthored by the present author; Trilaksono et al., 
2012) and in addition by cloud clusters with an intraseasonal variation propagated from the 
Indian Ocean in 2013 (Wu et al., 2013). 
 
1.3. Structure of thesis 
Several studies have shown rainfall with diurnal cycle over the Indonesian capital area 
JABODETABEK (Jakarta, Bogor, Depok, Tangerang and Bekasi) and development of cloud 
system is accompanied with the local circulation. However, there have been few hydrological 
studies of the Ciliwung River even for the severe flood events, because horizontally 
distributed reliable rainfall data have not been obtained continuously. In this study, rainfall 
data from a meteorological radar has been applied to the Ciliwung River basin for the first 
time and evidence of a diurnal cycle in the water level discovered in the downstream of 
Ciliwung River is revealed. 
The observational part is based on a one-month continuous observation campaign of 
both meteorology and river in Jakarta area, which  is the most detailed and reliable one over 
the JABODETABEK area or the Ciliwung River basin until now. Chapter 2 includes 
overviews of this observation campaign by using a meteorological radar, rain gauges and 
river water level. 
In Chapter 3, evidence of a diurnal cycle in the river water level discovered in the 
downstream and upstream of Ciliwung River, which was compared with the rainfall observed 
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by the radar and rain gauges during one-month intensive observational period, is revealed. 
Historical of river water level data was described in the Chapter 4, the diurnal cycle in the 
river water level also discovered during another period.  
Comprehensive discussion about diurnal cycle in the Ciliwung River water level will 
be described in Chapter 5. Although observations (in particular by a radar) suggest clouds and 
rainfalls with diurnal cycle as a natural cause of the diurnal cycle of Ciliwung River, 
additional hydrological approaches are necessary to clarify the diurnal cycle in the river water 
level. Thus some numerical simulations using a distributed hydrological model and results of 
the diurnal cycle simulation are described in Chapter 5. Conclusions of this thesis are 
presented in Chapter 6. 
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Figure 1.4. Maps of the western part of the Indonesian maritime continent (upper-left panel), 
Jakarta and greater Jakarta (or JABODETABEK) region (lower-left panel). The 
C-band Doppler Radar (CDR) (a blue star), automatic observation stations of 
water level (red stars) and surface weather (triangles) are indicated. The 
topography map is shown for the upper Ciliwung River basin (right panel) to the 
downstream station (Manggarai). 
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Chapter 2  
 
Observations 
 
 
 
In this chapter the observational part of this study is described. Observational 
instruments and climatologically background have been partly published in co-authored 
papers (Wu et al., 2007; Mori et al., 2011; Hamada et al., 2012). The major part of this 
chapter will be published as Sulistyowati et al. (SOLA, 2014).  
 
2.1. Radar and surface meteorological observations 
We conducted “Hydrometeorological ARray for Intraseasonal variation-Monsoon 
AUtomonitoring” (HARIMAU) project in 2005-2010 (Yamanaka et al., 2008). Two 
meteorological radars and three wind profilers have been installed by a grant (Japan Earth 
Observation System Promotion Program = JEPP) of Japanese government, under 
collaboration with Indonesian government. In 2010-2014 another project called “Climate 
Variability Study and Societal Application through Indonesia-Japan Maritime Continent 
Center of Excellence” (MCCOE) has been carried out under “Science and Technology 
Research Partnership for Sustainable Development” program (SATREPS), and all the 
HARIMAU radars and profilers have been transferred to Indonesian government in 2012. 
In the greater Jakarta (JABODETABEK: Jakarta, Bogor, Depok, Tangerang, and 
Bekasi) area, we operated a C-band Doppler radar (CDR; 5.32 GHz) installed at Serpong 
(6.35°S, 106.67°E; 46 m MSL), rawinsonde and surface meteorological observations at 
surrounding stations. The CDR enabled the observation of rainfall at a time resolution of 6-
min and a horizontal range of about 105 km, from which we used 2-km constant altitude plan 
positioning indicator (CAPPI) data over the Ciliwung River basin (6.2–6.8°S, 106.8–
107.0°E) for the present study. Surface rainfall intensity data from five automatic weather 
stations (AWS; Citeko, Bogor, Serpong, Serang, and Pramuka) were also used supplementary. 
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The 6-min radar reflectivity (!  in mm6m–3) observed by CDR was converted to 
surface rainfall (R in mm/h) in the Ciliwung River basin using the Marshall–Palmer formula 
(see Appendix A for detail).  
 ! " 200 &'.) (2.1)  
(cf. Doviak and Zrnic, 1992; Collier, 1996). Technical Specifications of CDR presented in 
Table 2.1 and shown in Fig. 2.1. 
  
2.2. Data of the Ciliwung River 
As mention on the previous section, Jakarta is located in the lowlands area and this 
resulted in DKI Jakarta is often flooded. South Jakarta is a highland area known as Puncak, 
Bogor and flow down to the Bay of Jakarta. One of the most important river is the Ciliwung 
(see Fig. 1.4), which divides the city into two. East and south of Jakarta adjacent to the 
Province of West Java and in the west bordering the Province of Banten. In addition there is 
Thousand Island (Pulau Pramuka), which is an administrative district, located in Jakarta Bay. 
Topography map of Ciliwung River has been shown in Fig. 1.4.  
Data of an automatic water level recorder with a time resolution of 15 min at 
Manggarai (6.21°S, 106.85°E), located in the downstream area, were provided from Ministry 
of Public Works (PU), during the HARIMAU2010 IOP (see Fig. 2.2). Similar data from 
another station in the upstream area (Katulampa: 6.63°S, 106.84°E) were also obtained, 
although water levels in the area were disturbed by artificial gate controls as shown later. 
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Table 2.1. Technical Specifications C-Band Doppler Radar (CDR) used in this study. 
Parameter Value 
Manufacture Toshiba Electrical Company, Japan 
Tower High  10 m  
Diameter of Antenna  3 m  
The field width  1.6 degrees  
Transmitter Peak Power 200 kW  
Range (default) 175 km (Surveillance Mode), 105 km (Volume Scan Mode) 
Resolution  1 km (default) 
Frequency  5320 MHz  
Spectral Width  4 MHz  
Pulse width  1.0 microsecond 
Repetition Pulse Frequency (PRF)  840 MHz (Surveillance Mode), 1360 MHz (Volume Scan Mode) 
Antenna Rotation  5 rpm (default) 
Azimuth  360 degrees  
Elevation  0.6 to 50 degrees  
Operating System  Sun Solaris & Red Hat Enterprise Linux 5 
System Process Radar Data  RVP8 SIGMET IRIS + Radar / Analysis ver.8.12.1.1 
RAW Data  Reflectivity, Doppler Velocity, Spectral Width 
Sources: HARIMAU Indonesia Website (http://neonet.bppt.go.id/harimau/index.php) 
 
  
 Figure 2.1. Image of the C-band Doppler Radar (left) in PPI 
with a range of 175 km from Puspiptek, Serpong, on January 30, 2010 (right).
 
 
 
 
(Plan Position Indicator)
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Figure 2.2. Automatic water level recorder (AWLR) using telemetry system and 
communication system for alert warning system, installed at Manggarai and 
Katulampa Station. 
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Chapter 3 
 
Results for January – February 2010 
 
 
 
In this chapter, results of the intensive observation period and evidence of a diurnal 
cycle in the river water level are described. The major part of this chapter will be published as 
Sulistyowati et al. (SOLA, 2014). 
 
3.1. General features of the 1-month observation period 
During the period from 15 January to 15 February 2010, we have carried out the final 
intensive observational period of the HARIMAU project (see Section 2.1) which was called 
HARIMAU2010 IOP. During this period, total rainfall distribution in the upstream area 
(mountainous side) higher than in the downstream area (coastline) (see Fig. 3.1).  
Figure 3.2 shows the temporal variation of the water level at Manggarai, compared 
with rainfall intensity and rain cloud migration observed by CDR (see the caption of Fig. 3.2 
for details) during the HARIMAU2010 IOP study period. At Manggarai, the average water 
level was 3.72 m. We identified the persistent and systematic existence of a diurnal cycle in 
the water level with an amplitude of ~0.05 m (~30 m3/s discharge). The rainfall intensity 
(with a peak of ~5 mm/h over many days) and rain cloud migration (in the meridional 
direction) also displayed clear diurnal cycles which confirms the findings of previous studies 
(Mori et al., 2004; Araki et al., 2006; Wu et al., 2007). We also found that rainfall displayed 
intraseasonal variations (cf. Widiyatmi et al., 1999) and weakened around January 23 and 
February 1. An increase in the water level observed during January 15-25 was considered to 
be mainly due to hydrological processes, because we confirmed that an active phase of 
intraseasonal variation had passed before the observations began (see, e.g., Fig. 3 of Waliser 
et al., 2012). Thus, water levels displayed daily variations, but they were not always 
correlated to and were generally weaker than the variations in rainfall.  
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Water level anomalies relative to each daily mean value are shown in Fig. 3.3. The 
diurnal cycle of the water level anomaly showed a minimum value in the morning (07:00–
08:00 LT; where LT = UTC + 7 hours) and a maximum in the late afternoon (16:00–17:00 
LT). The maximum and minimum anomalies of the rainfall diurnal cycle changed daily and 
differed between upstream and downstream areas (see the time-latitude cross section in Fig. 
2c). The maximum rainfall over the Ciliwung River (confirmed by radar data and the AWSs 
at Bogor, Citeko and Serpong) appeared at around 16:00–17:00 LT on average during the 
HARIMAU2010 IOP observational period, which was similar to the timing of the maximum 
in the downstream river water level. 
 Figure 3.4 shows the period of the power spectral density of the river water level 
used to confirm the diurnal cycles. The data also show a secondary peak with half-day 
periodicity. Periodicities of longer than one day are unclear in Fig. 3.4 because the period for 
which data were available (30 days) was too short for power spectral density analysis. The 
periodicities of river water level at upstream area are unclear also during intensive 
observational period. 
 
3.2. Detailed features of the selected rainfall days 
Figure 3.5 shows the variations in rainfall intensity based on rain gauge data obtained 
at the five AWS stations. The general features throughout the HARIMAU2010 observational 
period were similar to those shown in Fig. 3.2, which are based on the CDR echo over the 
Ciliwung River basin, but we found that the local rainfall fluctuated widely in space and time. 
Note that when averaged, the rainfall diurnal variation at the AWS stations (Fig. 3b) coincides 
with the variation in the water level (Fig. 3a), but there are differences among the AWS 
stations. 
During the observation period, 12 extreme rainfall events (occurred at one or more of 
the five AWS stations; see Fig. 3.5) with intensities stronger than 20 mm/h, as defined by 
Indonesian Meteorological, Climatological and Geophysical Agency (BMKG) 
(http://www.bmkg.go.id/BMKG_Pusat/Meteorologi/Prospek_Cuaca_Mingguan.bmkg). We 
analyzed the migration of rainfall areas for each event based on the CDR data, and 
categorized two patterns of rainfall migration: zonal (from west to east) and meridional 
(south to north, or north to south). Note that north and south of the JABODETABEK area are 
the Jawa Sea and mountains, respectively (see Figs. 1.4 and 3.1). Extreme rainfall events with 
zonal propagation did not cause serious flood in JABODETABEK area, but those with 
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meridional propagation especially related with diurnal cycle seemed to cause floods (see 
Table 3.1). 
Figure 3.7 shows cases of meridional migration (with migration velocities of 3–15 
m/s or 15–50 km/h) observed during the last 6 days (09–14 February) of the HARIMAU2010 
campaign. The local rainfall peaks in the upstream area (including Bogor, Katulampa and 
Citeko stations) appeared around 17 LT. The amount of daily rainfall calculated from CDR 
data averaged for these 6 days with meridional migrations was 54.5 mm/day (Events-09 to 12, 
see Fig. 3.6 for details), which was larger than the amounts averaged for the whole 
observational period (33.4 mm/day) and for days with zonal migrations (27.6 mm/day) 
(Events-01 to 08). This was considered reasonable because the river basin is elongated in the 
meridional direction. In the case of 09–11 February, the largest rainfall intensity area of about 
48.5 dBZ (corresponding to intensity of ~40 mm/h) migrated meridionally within a period of 
2–3 hours on each day, and the local daily rainfall was 169.8 mm.  
However, the daytime rise (maximum – minimum) of the river water level for such an 
extreme rainfall case was still 10–15 cm. These extreme rainfall events with a clear diurnal 
cycle and meridional migration caused flooding of the Ciliwung River, but the floods were 
localized and were not as serious as those in 2007 or 2013. As mentioned in the previous 
section, the amplitude of the diurnal cycle of river water was not significantly changed by the 
total amount of diurnal rainfall at least in the observations reported here. 
On 13 February as shown in Fig. 3.7, the diurnal cycle of river water was unclear 
partly because of gate open by the operator of PU in response to river water rising beyond 
their warning level, which was the only one case during the 1-month period of the 
HARIMAU2010 IOP. The southward migration from the sea to the mountains in the morning 
was also very striking on this particular day. On the other five days shown in Fig. 3.7 we 
observed only northward migrations or much weaker southward migrations. 
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Table 3.1. Extreme rainfall propagation over Jakarta during observation period. 
No Date Propagation Remark 
1. January 17 – 18, 2010 Zonal (W to E) - Heavy rainfall (Rbogor=23.3 mm/h)  
- No flood (Q=102 m3/s)  
2. January 20 – 21, 2010 Zonal (W to E) - Heavy rainfall (Rserang=33.0 mm/h)  
- No flood (Q=97.2 m3/s)  
3. January 25 – 26, 2010 Zonal (W to E) - Heavy rainfall (Rserang=28.8 mm/h)  
- Flood not in Jakarta (Q=63.6 m3/s)  
4. January 28 – 29, 2010 Zonal (W to E) - Heavy rainfall (Rpramuka=25.8 mm/h)  
- Flood not in Jakarta (Q=89.8 m3/s)  
5. January 30 – 31, 2010 Zonal (W to E) - Heavy rainfall (Rpramuka=32.8 mm/h)  
- Flood not in Jakarta (Q=54.9 m3/s)  
6. February 3 – 4, 2010 Zonal (W to E) - Heavy rainfall (Rbogor=53.8 mm/h)  
- No flood (Q=98.0 m3/s)  
7. February 7 – 8, 2010 Zonal (W to E) - Heavy rainfall (Rbogor=41.8 mm/h)  
- No flood (Q=91.6 m3/s)  
8. February 9 – 11, 2010 Meridional  
(S to N or N to S)  
- Heavy rainfall (Rbogor=54.8 mm/h)  
- Flood in Jakarta (Q=152 m3/s)  
9. February 12 – 14, 2010 Meridional  
(S to N or N to S)  
- Heavy rainfall (Rciteko=57.2 mm/h)  
- Flood in Jakarta (Q=136 m3/s)  
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Figure 3.1. Total rainfall distribution in the Ciliwung River basin during HARIMAU2010 
IOP. Rainfall amount in the upstream area higher than in the downstream area. 
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Figure 3.2. Temporal variations in (a) the Ciliwung River water level anomaly at Manggarai 
and (b) the rainfall intensity given by the meridional average of (c) a time–
latitude cross section of zonal maximum reflectivity (106.75°–107.10°E) of C-
band Doppler radar data at 2-km altitude during the HARIMAU2010 IOP 
observational period (15 January–15 February 2010). 
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Figure 3.3. Diurnal variations in (a) the water level anomaly from each daily average (thinner 
lines) at Manggarai Station for a 1-month period (15 January–15 February 2010) 
and their averages (thicker line), and average rainfall from (b) the automatic 
weather station data at Citeko, Bogor, and Serpong, and (c) radar rainfall data 
over the Ciliwung River basin. 
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Figure 3.4. Spectral analysis of Ciliwung River water levels observed at (a) Manggarai 
station and (b) Katulampa station, for a 1-month period (15 January–15 
February 2010). 
 
 
 
(a) 
(b) 
Unclear Periodicity Peaks 
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Figure 3.5. Rainfall intensity variations at the five AWS stations (from north to south, that is 
from sea to mountain) in the JABODETABEK region during the 
HARIMAU2010 IOP (15 January–15 February 2010). The horizontal broken line 
in each panel shows the criterion (20 mm/h) of extreme rainfall defined by 
BMKG. The vertical broken lines indicate 12 events of extreme rainfall observed 
at any station. 
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Figure 3.6. Day-to-day variations of rainfall over Ciliwung River basin derived from radar 
rainfall data during 18 January – 15 February 2010. 
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Figure 3.7. (a) Temporal variations in the Ciliwung River water level anomaly at Manggarai, 
and (b) a time-latitude cross section of weather radar data during the period of 
09–14 February 2010, magnified from Figs. 3.1(a) and (c), respectively. 
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Chapter 4 
 
Confirmation by other data 
 
 
 
In this chapter, observational evidence on river water level found in Chapter 3 is 
confirmed by data at other station and/or in other seasons and years. Because of discontinuity 
of river data and/or lack of intense meteorological observations, the results have not been 
included in a journal paper until now. 
 
4.1. Data disturbed by artificial operations at upstream station 
Figure 4.1 shows data of diurnal cycle of water level during HARIMAU2010 IOP at 
an upstream station (Katulampa). There were very frequent gate controls by operators, and 
the diurnal cycles were very unclear in comparison with the downstream station (Manggarai) 
data shown in Fig. 3.1. Those operations are carried out regularly at the upstream station, 
because the rainfall amount is much larger there as shown in Fig. 3.1.  
 
4.2. Diurnal cycle confirmed in other observational periods 
The diurnal cycle has been confirmed on the river water level obtained during any 
other periods. Figure 4.2 shows an averaged plot for February 2003 – May 2010 at 
Manggarai. The maximum of water level occurs around 19-20 LT, which is somewhat 
delayed from the HARIMAU2010 intense observation period shown in Fig. 3.3. On the other 
hand, the minimum around 06 LT is quite similar to the HARIMAU2010 period.  
Figure 4.3 shows plots for another one-month period of December 2006. The 
maximum peak of water level in this case is around 15-16 LT, which is about 1-hour earlier 
than the HARIMAU2010 case during January – February 2010. 
Figure 4.4 shows another case for January – February in different year 2007, which 
included serious floods (see next subsection). The maximum of water level around 16-17 LT 
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and minimum around 07-08 LT are both similar to the HARIMAU2010 IOP case. In case of 
the severe flood event in 2007, rainclouds migrating from mountain side after sunset were 
later than weaker flood cases in 2010.  
 
4.3. Serious flood cases in other years 
Figure 4.5 shows the water level at Manggarai for serious flood events observed in 
1996, 2002, 2005 and 2007 (Kusakabe, 2009, private communication), indicating clearly 
higher water level rise of about 2 m. The period of water level rise was often longer than 1 
day, but the peak sometimes appear after the peaks of rainfall in the diurnal cycle.  
As mentioned in Section 1.1, rainfall amount in the rainy season over the 
JABODETABEK area is less correlated to ENSO and IOD (Haylock and McBride 2001; 
Hendon 2003; Hamada et al., 2012, coauthored by present author), although there was a 
limited report on another river Citarum (Sahu et al., 2011) suggesting the extreme events of 
high stream-flows in La Niña year. Strong northerly monsoon (cold surge) may activate rain 
clouds more effectively (Wu et al., 2007, coauthored by the present author; Hattori et al., 
2011). A flood event in 2013 occurred in a different phase of the diurnal cycle of cloud 
migration (from sea to land in the morning), which interacted with the intraseasonal variation 
(Wu et al., 2013). 
In the case of the severe flood event in 2007, rainfall with clouds migrating northward 
(from mountains to the sea) mainly after sunset was amplified by a strong persistent trans-
equatorial monsoon flow from the Northern Hemisphere (Wu et al., 2007; Trilaksono et al., 
2012). We confirm similar migration patterns appears for floods during one month, including 
opposite migration from north (coast) to south (mountains) starting a little earlier than the 
2007 flood case. Such migration directions will be discussed by phases of the diurnal cycle, 
and their flood hazards at various locations in JABODETABEK area will be discussed by 
comparing directions between the rainfall migration and the main river (Ciliwung) flow. 
Meteorological situations in the case of 2007 flood have been confirmed by time-lagged 
ensemble downscaling experiments with a regional atmospheric model (JMA-NHM) 
(Trilaksono et al., 2011).  
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Figure 4.1. Time series of water level recorder at Katulampa (upstream area) during 
observation period of HARIMAU2010 IOP (15 January – 15 February 2010). 
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Figure 4.2. Water level data averaged during February 2003 – May 2010 at Manggarai 
Station. 
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Figure 4.3. Diurnal variations in the water level anomaly from each daily average (thinner 
lines) at Manggarai Station for a 1-month period (01–31 December 2006) and 
their averages (thicker line). 
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Figure 4.4. Diurnal variations in the water level anomaly at Manggarai Station during 
January – February 2007. 
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Figure 4.5. The river water level at Manggarai station for serious flood events observed in 
other years (Kusakabe, 2009, for 1996-2007 events; Hapsari, 2014, for 2013 
event; both private communications). 
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Chapter 5 
 
Discussions 
 
 
 
In this chapter discussions are added on the basis of the observations and in addition 
described the hydrological approached of this study. The observational part of this chapter 
will be published as Sulistyowati et al. (SOLA, 2014). 
 
5.1. Origin of diurnal cycle 
Some previous studies have reported diurnal cycles within mid-latitude rivers (Burt, 
1979; Lundquist and Cayan, 2002), due mainly to daytime increases in evapotranspiration, 
infiltration, or snow melt under low rainfall conditions. These cycles were much weaker than 
those reported here. Artificial water controls may generate a diurnal cycle (White, 2005), but 
no such operations were undertaken during the observation period. Therefore, the persistent 
existence of the diurnal cycle of the Ciliwung River reported here cannot be explained by the 
causes reported in previous studies. 
The diurnal cycle of the water level reported here also cannot be explained by the 
ocean tide actually observed near the river mouth. The diurnal component dominates the 
semidiurnal component (Fig. 3.7). The phase of the diurnal cycle is fixed to local time, with 
no modification by the lunar cycle (see Fig. 3.2 for details). The global atmospheric tide 
predominates in Jakarta near the equator (see Hagan et al., 2002), but the surface pressure 
amplitude of its diurnal component (weaker than the semidiurnal component) is about 0.6 hPa, 
corresponding to a 0.6 cm rise/fall in the water level at 02:00/14:00 LT, which is clearly 
smaller than and different from the observed diurnal cycle. 
Therefore, the cause of the diurnal cycle observed at Ciliwung River can be almost 
uniquely explained by the diurnal cycle of rainfall. However, the local instant rainfall of ~3 
mm/h for 3–4 h (~10 mm daily) cannot fully explain the water level increase of 0.1 m or 100 
mm, meteorological (rainfall area) and hydrological processes in the upstream catchment area 
36 
 
must be considered. The rainfall area (corresponding to a meridional scale of ~20 km seen in 
Fig. 3.8) was about 400 km2 almost every day (suggesting a total amount of rainwater of 4 × 
106 m3) and it migrated in the meridional direction. This migration was associated with the 
circulation of sea–land breezes (Mori et al., 2004; Araki et al., 2006; Wu et al., 2009), which 
are generated by the contrast in sea/land heating and predominate along the long coastlines of 
the large islands of the IMC, and free from synoptic-scale cyclones. Rainfall and clouds 
activated over the convergence of the sea and land breezes migrate in the meridional direction 
from land to sea in the evening and from sea to land in the morning, as observed here. For the 
cases shown in Fig. 3.8, migrations in the direction of land breeze (10 and 14 February) were 
faster than those in the sea breeze direction (9 and 11-13 February). The migrations in the 
direction of the land breeze were in the same direction as the river flow, and may include a 
case where rainfall provided a massive amount of water that reached the downstream area 
earlier than the river flow. 
 
5.2. Hydrological approaches for Ciliwung River 
As mentioned in Chapter 1, the water budget between a river and sea breeze may be 
considered approximately. If this balance could hold every day, the water vapour transported 
by sea breeze from ocean to land during day time should be equal to the evening rain in the 
mountain side, which might provide an increase of river water transport immediately (see Fig. 
5.1). However, actually due to hydrological processes, the water cycle has a time lag and the 
water budget cannot be closed within a day.  
As mentioned in Chapters 2-4, we have carried out intense observations mainly for 
meteorological aspects, but hydrological observations have been still limited. Thus it is 
needed to use a numerical model for discussing the hydrological processes. The Cell 
Distributed Rainfall Runoff Model Version 3 (CDRMV3) is a distributed runoff model, which 
is suitable for un-gauged basin or poor information basins, because this model has ability to 
define model parameter values with spatially distributed data such as radar rainfall data, 
topographic data, land-use data, and remote sensing imagery (Kojima et al., 2003; Kojima et 
al., 2007; Hapsari et al., 2012). This thesis introduces the first application of this model to the 
Ciliwung River basin, West Jawa, Indonesia (see Appendix B), and drainage paths have been 
produced based on the DEM (Digital Elevation Model) data from SRTM (Shuttle Radar 
Topography Mission) [http://dds.cr.usgs.gov/srtm/version2_1/SRTM30/], data with 1-km 
resolution (see Fig. 5.2). 
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The hydrograph at Manggarai station has been simulated by the CDRMV3 model 
using spatially distributed CDR rainfall observation data over the Ciliwung River basin. A 
result of simulation throughout the one month observation period (18 January – 15 February 
2010) is shown in Fig. 5.3. The diurnal-cycle rainfall (involved in the CDR data) produces 
the diurnal cycle of water level, but the latter periodicity is not as clear as appeared in the 
observation. Another simulation only for the last few days (13 – 15 February) has produced a 
better result as shown in Fig. 5.4. This may be due to an effect of rainfall accumulation.  
Table 1 in Appendix B shown the parameters which be used in the hydrological distributed 
model simulation. 
Hydrographs have been simulated using the spatially distributed radar rainfall data 
also for selected short periods. Fig. 5.5 shows an example (11:30 – 21:00 LT, 14 February 
2010). In this case, maximum peak of river discharge is 275.2 m3/s at 15:30 LT. Although the 
radar rainfall was fluctuated, the discharge produced only one peak during this period, which 
can be simulated by the CDRMV3 model.  
Simple numerical experiments using rainfall multiplied by a factor suggested that 
overflow or flooding may be induced when the amplitude of the rainfall’s diurnal cycle is 
stronger than a critical value (~1.5 times the actual values; Fig. 5.5). We expect that the 
critical value is dependent on the spatial distribution and migration of rainfall. 
 
5.3 Consideration for flooding cases 
We noted that the meridional migration of the rainfall area with the diurnal cycle was 
almost parallel to the flow direction of the Ciliwung River, which may provide massive 
amounts of water in a broader area of the river basin and cause an increased water level in the 
downstream on the following day. The Jakarta area is more hazardous to flooding when 
rainfall migrates continuously from the mountains to the coast (northward), as occurred 
during the flood in 2007 (Wu et al., 2007). During the current observational period, smaller 
but similar flood events occurred on 10 and 13 February. On 09 to 11 February, rainfall 
mostly concentrated on the mountain side and started in the late afternoon, small portion of 
rainfall migrated northward on February 10 at velocity of about 6 m/s. On 12 and 14 February, 
rainfall was concentrated on the southern (mountain) side in the late afternoon, and migrated 
northward at a velocity of 3–6 m/s. On 13 February, rainfall started on the northern (sea) side 
in the early morning and migrated southward at a velocity of about 3 m/s (see Fig. 3.7). 
We have shown that a systematic water-level diurnal cycle with an amplitude of 0.05 
m is persistently generated in the Ciliwung River basin by the diurnal cycle of rainfall, which 
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amounts to about 10–100 mm in the catchment area. When the rainfall area (cloud) migrates 
with a sea-land breeze circulation roughly parallel to the river flow, the total amount of 
diurnal rainfall over the river basin is increased, but the diurnal cycle of river water is not 
significantly changed.   
In the case of the serious floods of 2007 and 2013, water level data of the Ciliwung 
River indicated a rise of about 20 times (2 m) after the peaks of rainfall in the diurnal cycle 
reported here. A flood event in 2013 (~2.5 m at its maximum amplitude) occurred in a 
different phase of the diurnal-cycle of cloud migration (from sea to land in the morning), 
which interacted with the intraseasonal variation (Wu et al., 2013). Relationships between 
such flood events and the amplified diurnal cycle will be studied by numerical simulations in 
a subsequent study. 
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Figure 5.1. (a) Water cycle between the Indonesian maritime continent and 
surrounding/inland seas with (b) a river–sea breeze balance. 
 
 
 
 
 
 
 
 
 
 
 
  
 
Figure 5.2. Drainage path 
Topography Mission) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
using 1-km resolution derived from SRTM
data over Ciliwung River basin. 
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Figure 5.3. (a) Observed and simulated hydrographs on 18 January 
(b) different between discharge simulation and observed data
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Figure 5.4. Observed and simulated hydrographs on the latter period of HARIMAU2010 IOP 
(13 - 15 February 2010). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 5.5. (a) Observed, simulated and five experimental (with artificially magnified 
rainfall) hydrographs on 14 February, suggesting (b) a 
diurnal cycle of rainfall beyond which overflow or flooding may be induced in 
the Ciliwung River basin.
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Chapter 6 
 
Conclusion 
 
 
 
In this study, rainfall data from a meteorological radar (the CDR in Serpong) have 
been applied to hydrometeorology of the Ciliwung River basin for the first time, and 
evidence of a diurnal cycle in the water level has been discovered in the downstream of 
Ciliwung River. The results are summarized as follows:  
 
1. During HARIMAU2010 IOP (15 January – 15 February 2010), two rainfall migration 
patterns have been observed by using the CDR data. The rainfall migrating in the zonal 
(from west to east) and meridional (from south to north, or north to south) direction 
over JABODETABEK area. The latter is parallel with the flow of Ciliwung River basin. 
2. A one-month observation of the Ciliwung River water level at a downstream 
(Manggarai) station has revealed evidence of persistent existence of a diurnal cycle 
(amplitude 0.05 m; minimum/maximum: 07-08 and 16-17 LT), which is distinguishable 
from oceanic and atmospheric tides and artificial gate operations. 
3. The diurnal cycle of the river water level was consistent with that in rainfall observed 
by the meteorological radar and five rain gauge stations, although the day-to-day 
variation in the former is smaller than in the latter. 
4. Similar diurnal cycles of Ciliwung River water level have been confirmed in other 
periods during February 2003 – May 2010. Few hour differences of the maximum time 
have been found, and details must be studied in subsequent investigations. 
5. CDR has made distributed rainfall data available, and a hydrological approach of the 
Ciliwung River using the CDRMV3 model becomes possible. Simulations have been 
tested, and it has been suggested that the diurnal cycle of the river water level increases 
with the rainfall until about 1.5 times of actual diurnal-cycle amplitude of rainfall (with 
a maximum of about 1.5 mm/6min or 15 mm/h), and that the maximum discharge 
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becomes about 282 m3/s which is about 3% larger than the actual peak 275 m3/s.  
6. The diurnal cycle of the river may exist even in case of severe flood events during 
January – February 2007. Role of the diurnal cycle in such a flood event must be 
studied in subsequent investigations.  
 
The results of the thesis can be applied surely for many places over the Indonesian 
maritime continent. In Jakarta area, the National Disaster Prevention Agency (BNPB) is 
starting to use the real-time rainfall observations by the CDR. In future some hydrologic 
measurements will be applied in real time to a hydrological distributed model as studied 
here, and simulated results will be used for preventing/decreasing flood disasters. This part 
will be improved also by the knowledge on tropical hydrological processes such as the 
diurnal cycle of Cliwung River obtained in this study. 
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Appendix A 
 
Estimation of rainfall using C-Band Doppler Radar (CDR) Observation 
 
The C-band Doppler Radar (CDR) used in this study (see Section 2.1 and Table 2.1) 
was installed in September 2007 by Japan Agency for Marine-Earth Science and Technology 
(JAMSTEC) under the project of Hydrometeorological ARray for Intraseasonal variation-
Monsoon AUtomonitoring (HARIMAU), and has been transferred to Agency for Assessment 
and Application of Technology (BPPT) of Indonesian Government in July 2012. Rainfalls 
over JABODETABEK area in high resolutions in time and space have been derived from 
CDR during the intensive observational period of the HARIMAU2010 IOP (15 January – 15 
February 2010; see Section 3.1). 
In general, radar reflectivity (!, in mm6m–3) was converted to surface rainfall (&, in 
mm/h) using an empirical power-law relationship (cf. Doviak and Zrnic, 1992), based on 
several theories and assumptions including the pioneering study on raindrop size distribution 
by Marshall and Palmer (1948); another assumption that the scattering particles are very 
small compared with the radar wavelength; and a fact that the average power at a distance * 
of precipitation return is proportional to !/*,. Then ! will be related to rainfall rate & by the 
equation: 
Z = aRb     (A.1) 
  
Where -  and . : Positive empirical constants, whose value depends on the geographic 
location and climatic conditions/type of rain. Until now - and .  have been estimated (as 
mentioned later) mainly in stratiform clouds in extra tropics.   
 A quantity dBZ  is defined by:  
   /0! " 10 log'5 67 8898:;' 8898:;<   (A.2)  
 
Substituting (A.1) into (A.2), we have: 
   
=>7'5 " . log & ? log - .     (A.3)  
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Therefore, if observational data of  /0!/10 and log & are plotted, the slop and intercept of 
the regression (correlation) line give estimate values of . and log -, respectively. 
In the master thesis (Sulistyowati, 2011), the present author tried to estimate - and . from & of five AWS stations (rain gauges, as shown in Fig. A.1) and /0! of CDR at the 
nearby grid point locations. The data of 6-min, 30-min and 1-hour values of & and /0! were 
plotted, and the regression lines were fitted using a nonlinear least square method. The results 
(so-called the Z-R relationships) are shown in Fig. A.2 and Table A.1).     
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Figure A.1. Time series of radar rainfall data and rain gauges at five locations during 14 
January – 15 February 2010. 
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Figure A.2.  The function R was fitted using a nonlinear least square method to get a 
coefficient of - and . at three locations of rain gauge (Citeko, Bogor, Serang). 
Other two locations cannot be drawn because not enough data availibility. 
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Table A.1. A coefficient - and . derived from Z – R relationship. 
Station Coef. a Coef. b Z – R relationship Corr. Coef. Determination Coef. 
 
Fitted to 6-minutes values of Z – R: 
Citeko (N=0) - - - - - 
Bogor (N=1474) 0.000615 4.613506 Z = 0.000615 R4.613506 r = 0.3613 R2 = 0.1306 
Serang (N=956) 5555.189164 0.275806 Z = 5555.189164 R0.275806 r = 0.3004 R2 = 0.0902 
Pramuka (N=432) - - - r = 0.1002 R2 = 0.0100 
 
Fitted to 30-minutes values of Z – R: 
Citeko (N=0) - - - - - 
Bogor (N=322) 0.025282 3.223665 Z = 0.025282 R3.223665 r = 0.4547 R2 = 0.2067 
Serang (N=196) 727.021918 0.400498 Z = 727.021918 R0.400498 r = 0.4018 R2 = 0.1614 
Pramuka (N=130) 0.000000 5.991382 Z = 0.000000 R5.991382 r = - 0.0798 R2 = 0.0064 
 
Fitted to 1-hour values of Z – R: 
Citeko (N=230) - - - r = 0.0142 R2 = 0.0002 
Bogor (N=176) 0.046175 2.814297 Z = 0.046175 R2.814297 r = 0.4918 R2 = 0.2419 
Serang (N=98) 0.000000 12.511734 Z = 0.000000 R12.511734 r = 0.0734 R2 = 0.0054 
Pramuka (N=76) - - - r = 0.0338 R2 = 0.0011 
Citeko–Bogor (N=404) 0.000562 4.614744 Z = 0.000562 R4.614744 r = 0.2616 R2 = 0.0684 
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The Z–R relationship regression described above was weak, probably due to 
insufficient number of samples, in comparison with Kamimera et al. (2012) who obtained     
Z - R relationship in west Sumatera region using 1-year period observation. Therefore, in the 
present study, the Z-R relationship based on our own observations has not been used, but the 
conventional values (- " 200 and . " 1.6) (Doviak and Zrnic, 1992; Collier, 1996) have 
been used. Then (A.3) becomes:  
 
/0!10 " 1.6 log & ? log 200 ,  (A.4) 
and (A.1) becomes (2.1) in the text. 
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Appendix B 
 
The Distributed Hydrological Model 
 
 The river water level in this study calculated by the distributed hydrological model 
called the Cell Distributed Rainfall Runoff Model Version 3 (CDRMV3), it is the result of 
quasi-one-dimensional transport equation. The total discharge from a grid-cell per unit width 
q is calculated by summing the subsurface and surface flow and represented by the following 
single set of stage–discharge relationships (Tachikawa et al., 2004), as follows:  
B "  
CDE
DF G8/8 H I/8JK , 0 L I L /8 Mcapillary subsurface Ylow[G8/8 ?  G\MI ] /8[,   /8 ^ I L /\ Mnon ] capillary subsurface Ylow[G8/8 ? G\MI ] /8[ ? √ab MI ] /\[8, /\ ^ I Msurface Ylow[
c
 
 
where: 
q : Discharge 
va : Average velocity in the non-capillary pore  
vm : Average velocity in the capillary pore 
da  : Depth of non-capillary subsurface flow 
dm  : Depth of capillary subsurface flow 
h  : Water depth 
 
The governing equation of the model is for the flow rate of each grid-cell will calculate using 
the continuity equation, as follows: dIde ? dBdf " *Me[ cos g 
where: 
x : Horizontal distance from upstream 
t : Time g  : Slope 
r : Net rainfall intensity 
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The CDRMV3 model can describes the surface and subsurface flow using one-
dimentional kinematic wave equations corresponding to stage-discharge relationship, the 
surface flow occurs if the water level is higher than total soil depth. This model has capability 
to simulate both short-term and continuous event and suited to estimate high flow of a single 
event in relatively short river (Kim et al., 2008; Apip et al., 2011). 
This distributed runoff model needs spatially distributed data such as radar rainfall 
data and geographical data such as flow direction, slope and land cover on each grid-cell for 
developing the hydrological modeling. The topographic properties (slope angle and slope 
length) are produced with DEM (Digital Elevation Model) from SRTM (Shuttle Radar 
Topography Mission) satellite, and drainage paths are based on the DEM data with 1-km 
resolution (see Fig. 5.2). The model needs the equivalent roughness of each land use category, 
the Ciliwung River basin is classified into nine land-use classes based on Ministry of Forestry, 
Indonesia, such as paddy, field, orchard, forest, wilds, urban, water body, swamp, and river as 
shown in Fig. B.1. 
Table B.1 shown the parameters which be used in the hydrological distributed model 
simulation. The diurnal cycles of the water level in this study have response to the diurnal 
cycle rainfall described in Chapters 5-2 and 5-3. The simulation results of Ciliwung River 
from the diurnal-cycle rainfalls may be dependent largely on hydrological parameters such as 
effective porosity, soil depth, roughness coefficient of river and urban, gravity water 
permeability and runoff rate. 
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Figure B.1. Land-use map of the Ciliwung River basin, it is classified into nine land-use 
classes such as paddy, field, orchard, forest, wilds, urban, water body, swamp, 
and river. Data Source:  Ministry of Forestry, Indonesia (2006). 
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Table B.1. The parameters of CDRMV3 model simulation. 
 
  
57 
 
References 
 
Apip, T. Sayama, S. Tachikawa & K. Takara, 2011: Spatial lumping of a distributed rainfall-
sediment-runoff model and its effective lumping scale. Hydrol. Process, 26, Issue 6, 
855-871, DOI: 10.1002/hyp.8300.  
Araki, R., M. D. Yamanaka, F. Murata, H. Hashiguchi, Y. Oku, T. Sribimawati, M. Kudsy and 
F. Renggono, 2006: Seasonal and interannual variations of diurnal cycles of local 
circulation and cloud activity observed at Serpong, West Jawa, Indonesia. J. Meteor. Soc. 
Japan, 84A, 171-194. 
Burt, T. P.,1979: Diurnal variations in stream discharge and through flow during a period of 
low flow. J. Hydrol., 41, 291-301. 
Collier, C. G., 1996: Applications of Weather Radar Systems: A Guide to Uses of Radar Data 
in Meteorology and Hydrology, 2nd Ed., Praxis Publishing Ltd. England.  
Doviak, R. J., and D. S. Zrnic, 1992: Doppler Radar and Weather Observations, 2nd Ed., 
Academic Press, Inc. USA. 
Gill, A.E., 1980: Some simple solutions for heat induced tropical circulation. Quart. J. Roy. 
Meteor. Soc., 106, 447–462. 
Hagan, M., J. Forbes and A. Richmond, 2002: Atmospheric Tides. In Encyclopedia of 
Atmospheric Sciences, Academic Press, Amsterdam, pp. 159-165. 
Hamada, J.-I., M. D. Yamanaka, J. Matsumoto, S. Fukao, P. A. Winarso and T. Sribimawati, 
2002: Spatial and temporal variations of the rainy season over Indonesia and their link to 
ENSO. J. Meteor. Soc. Japan, 80, 285-310. 
Hamada J.-I., S. Mori, M. D. Yamanaka, U. Haryoko, S. Lestari, R. Sulistyowati and F. 
Syamsudin, 2012: Interannual rainfall variability over north western Jawa and its 
relation to the Indian Ocean dipole and El Nino southern-oscillation events. SOLA, 8, 
69-72. 
Hapsari, R. I., S. T. Oishi and K. Sunada, 2012: Ensemble flood prediction by cascading the 
uncertainty from rainfall to runoff short-term prediction. J. Japan Soc. Civil Eng., Ser. 
B1 (Hydraulic Engineering), 68(4), I139-I144. 
Hartmann, D. L., 1994: Global Physical Climatology. Academic Press, San Diego, USA. 
Handoko (eds), 1995: Klimatologi Dasar (Basic Climatology). PT. Dunia Pustaka Jaya, 
Jakarta. 
Hattori, M., S. Mori, and J. Matsumoto, 2011: The cross-equatorial northerly surge over the 
maritime continent and its relationship to precipitation patterns. J. Meteor. Soc. Japan, 
58 
 
89A, 27−47. 
Haylock, M., and J. McBride, 2001: Spatial coherence and predictability of Indonesian wet 
season rainfall. J. Climate, 14, 3882−3887. 
Hendon, H. H., 2003: Indonesian rainfall variability: Impacts of ENSO and local air-sea 
interaction. J. Climate, 16, 1775−1790. 
Kamimera, H., S. Mori, M. D. Yamanaka, F. Syamsudin, 2012: Modulation of diurnal rainfall 
cycle by the Madden - Julian oscillation based on one-year continuous observation with 
a meteorological radar in west Sumatera. SOLA, 8, 111-114.  
Kim, S., Y. Tachikawa and K. Takara, 2006: Flood forecasting system using weather radar 
and a distributed hydrological model. Ann. Disas. Prev. Res. Inst., Kyoto Univ., 49B, 55-
65. 
Kojima, T., and K. Takara, 2003: A grid-cell based distributed flood runoff model and its 
performance. IAHS Publ.,282, 234-240. 
Kojima, T., K. Takara and Y. Tachikawa, 2007: A distributed runoff model for flood 
prediction in ungauged basins. IAHS Publ., 309, 267-274. 
Lundquist, J. D., & Cayan, D. R. Seasonal and spatial patterns in diurnal cycles in stream 
flow in the western United States. J. Hydrometeorol. 3, 591-603 (2002). 
Madden, R. A, and P. R. Julian, 1994: Observations of the 40−50-Day tropical oscillation: A 
review. Mon. Wea. Rev., 122, 814−837. 
Marshall, J. S., W. Mc K. Palmer, 1948: The distribution of raindrops with size. J. Meteor., 5, 
165–166. 
Matsuno, T., 1966: Quasi-geostrophic motions in the equatorial area. J. Meteor. Soc. Japan, 
44, 25–42. 
Mori, S., Hamada J.-I., Y. I. Tauhid, M. D. Yamanaka, N. Okamoto, F. Murata, N. Sakurai 
and T. Sribimawati, 2004: Diurnal rainfall peak migrations around Sumatera Island, 
Indonesian maritime continent observed by TRMM satellite and intensive rawinsonde 
soundings. Mon. Wea. Rev., 132, 2021-2039. 
Mori, S., Hamada J.-I., N. Sakurai, H. Fudeyasu, M. Kawashima, H. Hashiguchi, F. 
Syamsudin, A. A. Arbain, R. Sulistyowati, J. Matsumoto and M. D. Yamanaka, 2011: 
Convective systems developed along the coastline of Sumatera Island, Indonesia 
observed with an X-band Doppler radar during the HARIMAU2006 campaign. J. 
Meteor. Soc. Japan, 89A, 61-81.  
Ramage, C. S., 1968: Role of a tropical “maritime continent” in the atmospheric circulation. 
Mon. Wea. Rev., 96, 365−370. 
59 
 
Ropelewski, C. F., and M. S. Halpert, 1987: Global and regional scale precipitation patterns 
associated with the El Niño/Southern Oscillation. Mon. Wea. Rev., 115, 1606−1626. 
Sahu, N., S. K. Behera, Y. Yamashiki, K. Takara, and T. Yamagata, 2011: IOD and ENSO 
impacts on the extreme stream-flows of Citarum river in Indonesia. Clim. Dyn., 33, 
doi:10.1007/s00382-011-1158-2. 
Saji, N. H., B. N. Goswami, P. N. Vinayachandran, and T. Yamagata,1999: A dipole mode in 
the tropical Indian Ocean. Nature, 401, 360−363. 
Sakurai, N., F. Murata, M. D. Yamanaka, H. Hashiguchi, S. Mori, J.-I. Hamada, Y.-I. Tauhid, 
T. Sribimawati and B. Suhardi, 2005: Diurnal cycle of migration of convective cloud 
systems over Sumatera Island. J. Meteor. Soc. Japan, 83, 835-850. 
Sosrodarsono and Takeda (eds), 2006: Hidrologi untuk Pengairan (Manual on Hydrology). 
PT. Pradnya Paramita. Jakarta. 
Sulistyowati, R., R. I. Hapsari, F. Syamsudin, S. Mori, S. T. Oishi and M. D. Yamanaka, 
2014: Rainfall-driven Diurnal Variations of Water Level in the Ciliwung River, West 
Jawa, Indonesia (accepted).  
Sulistyowati, R., R. I. Hapsari, F. Syamsudin, S. Mori, S. T. Oishi and M. D. Yamanaka, 
2014b: Hydrological model simulation of Ciliwung River diurnal-cycle (in preparation).  
Sulistyowati, Reni, 2011: Simulation of the distributed hydrological rainfall – runoff model 
based on integration of weather radar and rain-gauge data in the Ciliwung River basin. 
Master Thesis. IPB. 
Tachikawa, Y., R. James, K. Abdullah and M. Nor (eds), 2004: Catalogue of Rivers for 
Southeast Asia and The Pacific: Volume V., UNESCO-IHP Regional Steering Committee 
for Southeast Asia and the Pacific, Kyoto,  pp. 31-44. 
Trilaksono, N. J., S. Otsuka and S.Yoden, 2012: A time-lagged ensemble simulation on the 
modulation of precipitation over West Java in January–February 2007. Mon. Wea. 
Rev.,140, 601-616. 
Waliser, D. E., M. W. Moncrieff, D. Burridge, A. H. Fink, D. Gochis, B. N. Goswami, B. 
Guan, P. Harr, J. Heming, H. –H. Hsu, C. Jakob, M. Janiga, R. Johnson, S. Jones, P. K. 
Ertz, J. Marengo, H. Nguyen, M. Pope, Y. Serra, C. Thorncroft, M. Wheeler, R. Wood 
and S. Yuter (2012), The “Year” of tropical convection (May 2008 – April 2010): 
Climate variability and weather highlights. Bull. Amer. Meteor. Soc., 93, 1189–1218. 
White, M. A., J. C. Schmidt and T. J. Topping, 2005: Application of wavelet analysis for 
monitoring the hydrologic effects of DAM operation: Glen Canyon DAM and the 
Colorado River at Lees Ferry, Arizona. River Res. Applic., 21, 551-565. 
60 
 
Widagdo, H. Sawano, S. Sarwono, W. Bambang, K. Hananto, and Sukiyoto, 2013: River 
Management in Indonesia English Edition. Directorate General of Water Resources, 
Yayasan Air Adhi Eka, JICA, Appendices B2. 
Wu, P.-M., M. Hara, H. Fudeyasu, M. D. Yamanaka, J. Matsumoto, F. Syamsudin, R. 
Sulistyowati and Y. S. Djajadihardja, 2007: The impact of trans-equatorial monsoon 
flow on the formation of repeated torrential rains over Java Island. SOLA, 3, 93-96. 
Wu, P.-M., M. Hara, Hamada J.-I., M. D. Yamanaka and F. Kimura, 2009: Why heavy 
rainfall occurs frequently over the sea in the vicinity of western Sumatera Island during 
nighttime. J. Appl. Meteor. Climatol.,48, 1345-1361.. 
Wu, P.-M., A. A. Arbain, S. Mori, Hamada J.-I., M. Hattori, F. Syamsudin and M. D. 
Yamanaka, 2013: The effects of an active phase of the Madden-Julian oscillation on the 
extreme precipitation event over western Jawa Island in January 2013. SOLA, 9, 79-8. 
Xie, P., and P.A. Arkin, 1997: Global precipitation: A 17-year monthly analysis based on 
gauge observations, satellite estimates, and numerical model outputs. Bull. Am. Meteorol. 
Soc., 78, 2539–2558. 
Yamanaka, M. D., S. Mori, Wu P.-M., Hamada J.-I., N. Sakurai, H. Hashiguchi, M. K. 
Yamamoto, Y. Shibagaki, M. Kawashima, Y. Fujiyoshi, T. Shimomai, T. Manik, 
Erlansyah, W. Setiawan, B. Tejasukmana, F. Syamsudin, Y. S. Djajadihardia, and J. T. 
Anggadiredja, 2008: HARIMAU radar-profiler network over Indonesian maritime 
continent: A GEOSS early achievement for hydrological cycle and disaster prevention. J. 
Disaster Res., 3, 78-88. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
61 
 
List of achievements 
 
  
 
(i) Refereed papers: 
1. Rainfall-Driven Diurnal Variations of Water Level in the 
Ciliwung River, West Jawa, Indonesia.  
SOLA, submitted in April 2014 
2. Interannual Rainfall Variability over Northwestern Jawa and 
its Relation to the Indian Ocean Dipole and El Niño-Southern 
Oscillation Events. (Co-authored by Hamada et al.)  
May 18, 2012 
SOLA, Vol.8, 069-072, 
doi:10.2151/sola.2012-018  
3. Convective systems developed along the coastline of 
Sumatera Island, Indonesia, observed with an X-band Doppler 
radar during the HARIMAU2006 campaign. (Co-authored by Mori 
et al.) 
February 28, 2011 
J. Meteor. Soc. Japan, Vol.89A, 61-81. 
4. The impact of trans-equatorial monsoon flow on the 
formation of repeated torrential rains over Java Island. (Co-
authored by Wu et al.) 
August 29, 2007. 
SOLA, Vol. 3, 093-096, 
doi:10.2151/sola.2007-024 
 
 
 
(ii) Major scientific meetings:  
1. Rainfall-driven diurnal cycle of Ciliwung River: Overview and 
future prospects. 
Proc. 8th MUR-EAR Symp.,  
September 16-17, 2014  
8th MU Radar-Equatorial Atmospheric Radar 
Symposium, Uji, Japan 
2. A Meteorological 'Tide' of Ciliwung River, West Jawa, 
Indonesia. 
July 28 – August 01, 2014 
Asia Oceanic Geosciences Society (AOGS) 
11th Annual Meeting, Sapporo, Japan 
3. Distributed Hydrological Model Simulation on the Diurnal-
Cycle of Ciliwung River Basin. 
April 28 – May 2, 2014 
Japan Geoscience Union Meeting 2014, 
Yokohama, Japan 
4. Study on rainfall-driven diurnal cycle of tropical river: 
Observation and simulation for Ciliwung River, Jawa, Indonesia. 
(invited) 
March 6-7 
Final Symposium of IMPAC-T 
Bangkok, Thailand 
5. Variability of Ciliwung River Water Level due to Diurnal-Cycle 
Rainfall.  
November 19-21, 2013  
2013 Autumn Meeting of the Meteorological 
Society of Japan, Sendai, Japan. 
6. Variability of Ciliwung River Water Level due to Diurnal-Cycle 
Rainfall. 
Proc. 7th MUR-EAR Symp.,  
September 12-13, 2013  
7th MU Radar-Equatorial Atmospheric Radar 
Symposium, Uji, Japan 
7. Simulation of the diurnal cycle of Ciliwung River, Jawa, 
Indonesia.  
May 19-24, 2013  
Japan Geoscience Union Meeting 2013, 
Makuhari, Japan  
8. Diurnal cycle of rainfall and river water level in JABODETABEK 
(Greater Jakarta).  
May 15-18, 2013  
2013 Spring Meeting of the Meteorological 
Society of Japan, Tsukuba, Japan. 
9. Effect of diurnal rainfall migration to short-term flood over 
JABODETABEK area: Observation and Simulation.  
October 3-5, 2012  
2012 Autumn Meeting of the Meteorological 
Society of Japan, Sapporo, Japan. 
10. Hydrometeorological significance of C-band Doppler radar 
echoes migrating over Ciliwung River basin, West Jawa.  
Proc. 6th MUR-EAR Symp., 68-72.  
August 30-31, 2012  
6th MU Radar-Equatorial Atmospheric Radar 
Symposium, Uji, Japan 
11. Rainfall propagation pattern and its relationship to diurnal 
cycle observed with a radar over Jabodetabek area.  
May 26-29, 2012  
2012 Spring Meeting of the Meteorological 
Society of Japan, Tsukuba, Japan.  
62 
 
12. Short-term flood prediction for Ciliwung river basin using C-
band Doppler radar and distributed hydrological model.  
May 20-25, 2012  
Japan Geoscience Union Meeting 2012, 
Makuhari, Japan 
13. Radar observation on the torrential rainfall cause by 
diurnally developed convections over Jakarta, Indonesia, during 
the rainy season in 2010. (Co-authored by Mori et al.) 
October 24-28, 2011  
WCRP Open Science Conference, Denver, US 
14. General characteristics of coastal heavy rainbands (CHeRs) 
over the Asian monsoon region observed by TRMM PR and 
GSMaP. (Co-authored by Mori et al.) 
September 27-29, 2010.  
2nd GPM Asia Workshop on Precipitation 
Data Application Technique, JAXA, Tokyo, 
Japan. 
15. Significance of coexistence of land and ocean in the Earth's 
climate: Sciences promoted at "Maritime Continent COE". (Co-
authored by Yamanaka et al.) 
July 5-9, 2010. 
Asia Oceania Geosciences Society (AOGS) 
7th Annal Meeting, Hyderabad. India.  
16. The roles of local circulations and upper tropospheric 
disturbances in the heavy rain over Jawa Island during the 2010 
rainy season. (Co-authored by Wu et al.) 
July 5-9, 2010. 
Asia Oceania Geosciences Society (AOGS) 
7th Annal Meeting, Hyderabad. India. 
17. Multi-scale climatology of coastal heavy rainbands over the 
Indonesian maritime continent using satellite and ground based 
radar observations. (Co-authored by Mori et al.) 
April 20-22, 2010. 
PI Meeting on Precipitation Measuring 
Mission (PMM) 6th RA, JAXA, Tokyo, Japan. 
18. Diurnal cycles over maritime continent: Its impact on 
regional climate and local extreme weather events. (Co-
authored by Mori et al.) 
March 10-12, 2010. 
Asia-Pacific Regional Climate Variability and 
Monitoring Capacity, GEOSS Asia-Pacific 
Symposium, Sanur, Bali, Indonesia. 
19. Flood: Social application including data integration. March 9, 2010. 
Kick-Off Workshop of SATREPS-MCCOE 
Project, Sanur, Bali, Indonesia.  
20. Atmospheric observation with radars and soundings from 
JEPP/ HARIMAU to SATREPS. (Co-authored by Mori et al.) 
March 9, 2010. 
Kick-Off Workshop of SATREPS-MCCOE 
Project, Sanur, Bali, Indonesia. 
21. Significance of land-sea contrast in tropical climate: AMY-
related studies and future perspective in the maritime continent 
region. (Co-authored by Yamanaka et al.) 
December 3-4, 2009. 
5th International Workshop on Marine 
Environmental Change of the South China 
Sea, Guangzhou, China. 
22. Completion and future of HARIMAU radar-profiler network 
over Indonesian maritime continent.  (Co-authored by Yamanaka 
et al.) 
 
November 30 - December 1, 2009. 
AMY 6th International Workshop, Kunming, 
China. 
23. Monsoon and local circulation over the maritime continent. 
(Co-authored by Matsumoto et al.) 
August 11-15, 2009.  
Asia Oceania Geosciences Society (AOGS) 
6th Annual Meeting, Singapore. 
24. Completion and future of HARIMAU radar-profiler network 
over Indonesian maritime continent.  (Co-authored by Yamanaka 
et al.) 
August 11-15, 2009.  
Asia Oceania Geosciences Society (AOGS) 
6th Annual Meeting, Singapore. 
25. Torrential rains in the Indonesian capital city of Jakarta.  (Co-
authored by Matsumoto et al.) 
June 29-July 3, 2009.  
7th International Conference on Urban 
Climate (ICUC-7), Yokohama, Japan.  
26. The favorable atmospheric conditions for occurrence of 
repeated torrential rains over Jakarta in Jawa Island. (Co-
authored by Wu et al.) 
March 5-7, 2009.  
MAHASRI/AMY workshop, Da-Nang, 
Vietnam. 
27. Indonesian contribution to HARIMAU and GEOSS. (Co-
authored by Syamusdin et al.)  
February 4-6, 2009.  
GEOSS Asia-Pacific Symposium, Kyoto, Japan  
28. Heavy rainfall in Southeast Asia and multi-scale monsoon 
interactions. (Co-authored by Matsumoto et al.) 
August 12, 2008.  
International Geographical Union, Tunis, 
Tunisia.  
 
 
